Since 1882, when Forlanini first offered a rationale for collapse in the treatment of pulmonary tuberculosis, numerous clinical and experimental studies attempting to define the physiological effects of collapse of one lung have appeared. Most of the evidence cited by Pinner' supported the clinical impression that unilateral pneumothorax did not interfere with total respiratory function provided a healthy contralateral lung was present. Coryllos and Birnbaum,' Dock and Harrison,' Andrus,' and Moore'8 presented evidence suggesting a diminution in the relative blood flow to a collapsed or atelectatic lung. Cournand' found the resting pulmonary artery pressures in five patients with therapeutic pneumothorax to be within normal limits.
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While clinical studies of therapeutic collapse"" have been complicated by the presence of pre-existing pulmonary disease, experimental studies" '9' 18 19 s8 have been complicated by the artificial conditions of acute experiments on heart-lung preparations or on anesthetized animals, and by the technical difficulties inherent in the production of a true unilateral collapse in experimental animals. Attempts to produce unilateral collapse in experimental animals have been all but abandoned since 1924 when Snyder' and Matas' showed that, because of bilateral equalization of intrapleural pressure in dogs and other animals with thin mediastinal septa, a unilateral pneumothorax cannot produce unilateral collapse as it does in humans.
The purpose of the present study has been to investigate by modern methods the effects of a true unilateral collapse of the lung on the oxygenation of the blood, on the respiration and circulation of each lung, on the intrapleural pressure, and on the blood pressures of the lesser circulation. The experiments were done upon unanesthetized dogs under conditions of rest or moderate exertion. METHODS
A technique of compressing a lung in a bag of silk mesh has been described by Van Allen and Wang.2" To circumvent the difficulties encountered by previous investigators in the production of unilateral collapse by pneumothorax, an operation was devised for the maintenance of the left lung of the dog in a collapsed state by enveloping it with a cotton mesh (bridal veil). Complete collapse without compression was obtained by removing positive pressure respiration during thoracotomy and wrapping the contracted lung snugly with bridal veil which was then sutured to itself at suitable points before restoration of positive pressure. Polyethylene flanged cannulae prepared in the manner described by Harrison and Liebow" were then sutured in place, one to the adventitia of the main pulmonary artery and the other to the wall of the left auricle.
Studies of arterial oxygen and carbon dioxide contents and carbon monoxide combining capacities were made on heparinized blood drawn from the femoral arteries of unanesthetized animals. Analyses were performed in duplicate with the Van SlykeNeill manometric apparatus according to the standard method.2'
To determine the effect of exercise, dogs were trotted on a leash covering one mile in twenty minutes on an even grade. A treadmill was later used to study the effect of exercise on arterial and mixed venous oxygen saturations and pulmonary artery pressures in two dogs.
Bronchospirometry was performed under nembutal anesthesia using the doublelumen bronchospirometric cannula described by Bloomer et Figure 1 in comparison with the inflated lungs of dog No. 7. Major pulmonary arteries of the collapsed lungs as measured in the casts did not differ significantly in diameter from those of the left lung of normnil dogs. No bronchiectasis was demonstrated either in the casts of dogs No. 1, 3, and 6 or in the bronchogram (Fig. 2 ) of dog No. 5 made in the third postoperative month.
The bronchial arteries were shown to be successfully injected in two casts bilaterally and in a third on the left side only. The marked expansion of (Fig. 3 ) of dog No. 5 in the third postoperative month showed that major vessels in the collapsed lung were filled at the same time as comparable vessels in the right lung, this being evidence of the functional patency of vessels in the collapsed lung.
B. Blood gas studies. The results of blood gas determinations are shown in (Table 2) was striking. Preoperatively, the left lungs were responsible for an average of 45% of total oxygen uptake; postoperatively, the oxygen uptake of the left lung fell to less than 3%o of the total in all dogs.
A rise in the oxygen ventilatory equivalents (liters expired air per 100 cc. oxygen uptake) was noted in the collapsed lungs ( Table 2 In those dogs (Nos. 5, 6, and 7) from whose collapsed lungs ventilatory exchange was too small to permit quantitative bronchospirometry, the gas concentrations of bronchial air gave evidence that some respiratory function was present.
D. Calculation of distribution of blood flow. The difference between the preoperative mean 02 saturation of 96.16% and the third week postoperative mean 02 saturation of 93.39%o may be taken to represent a dilution of arterial blood, returned from well aerated portions of lung, with venous blood returned from unaerated portions of lung. It is of some interest to determine what portion of the total pulmonary blood flow following collapse of one lung does not participate in respiration, i.e., is "ineffective."
The Substituting known values in the above formula, the "ineffective pulmonary blood flow" in dogs numbered 2 and 7 is found to be 11.1%o and 16.2%o respectively.
If the "ineffective" flow is assumed to represent blood flowing through unaerated portions of the collapsed lung, the "effective" flow of the collapsed lung (determined by bronchospirometry to be less than 3%o of the total pulmonary flow) added to these ineffective flows will represent a maximum flow through the collapsed lungs of dogs numbered 2 and 7 of 14.1%o and 19.2% of the total pulmonary flow.
E. Intrapleural pressure deterninations. The results of determinations of intrapleural pressures in centimeters of water are presented in Table 3 . In three dogs pressures were found to be approximately the same on the two sides of the chest.
The mean postoperative intrapleural pressure (all determinations) was -12.3. The mean for the control series C1 to C3 was -5.4. The control series C4 to C8 was taken from Brill5 and had a mean of -3.3. The mean for the dogs subjected to operation was significantly lower than the mean for the control dogs.
A definite trend toward increased negativity was observed after postoperative effusions cleared in the third postoperative week. The mean for the first three weeks was -7.4; the mean for determinations after the first month was -14.5. Repeated determinations were made on dogs No. 1, 2, and 3; all showed changes consistent with the trend of the series.
F. Pulmonary artery pressure deterntinations. The results of determinations of pulmonary artery pressures on resting unanesthetized dogs are presented in Table 4 . Both the ranges and the means of pulmonary artery mean pressures for the experimental and control series agreed closely, as did also the mean diastolic pressures and the pulmonary artery-left auricular pressure gradients. Mean systolic and pulse pressures were somewhat higher in the experimental than in the control series.
Right ventricles were catheterized in dogs numbered 2 and 5. Pressure curves obtained in these dogs while running on a treadmill for 60 to 90 minutes respectively demonstrated no significant change in pressure with exercise. CL to C8 observations made in this laboratory. C4 to C8 taken from Brill.5 DIscUSSION Evidence has been presented showing a marked reduction in the blood flow of a collapsed lung unassociated with a rise in mean pulmonary artery pressure. This can only be interpreted as meaning an increased peripheral resistance in the collapsed lung and a decreased peripheral resistance in the contralateral lung. Any explanation for the redistribution of blood flow following collapse must account for both the direct and compensatory effects of an altered peripheral resistance.
There is evidence for a capillary vasoconstrictive response in the lung to low alveolar air oxygen tensions.""" Such a vasoconstrictive response in a collapsed lung as a result of local anoxia and a vasodilatation in the contralateral lung in response to increased flow as occurs in normal lungs during exercise may be a sufficient explanation for the circulatory changes observed. The alterations in ventilatory mechanics produced by collapse of the lung cannot, however, be ignored. The pump action of chest and diaphragm motion on the blood flow of a shrunken lung encased in a rigid bag and on the blood flow of a freely expanding, hypertrophied lung can hardly be the same. The collapsed lung during inspiration may suffer inflow stasis as does the small heart of constrictive pericarditis during diastole.
The exaggerated intrathoracic negativity following collapse can be best explained as due to increased stretch placed upon the elastic tissue of the expanding normal lung. That such stress may ultimately produce elastic tissue changes and irreversible emphysema in the compensating normal lung with eventual increase in intrapleural pressure has been shown by Longacre.15 SUMMARY AND CONCLUSIONS Unilateral collapse has been maintained in dogs by enveloping the collapsed lung in a bag of cotton mesh. Studies of anatomical changes accompanying unilateral collapse have been made with vinylite corrosion casts, bronchography, and angiocardiography. The physiological effects of unilateral collapse have been investigated in studies of the blood gases of the relative respiratory and ventilatory functions of the two lungs as shown by bronchospirometry, and of the intrapleural and pulmonary artery pressures.
From the anatomic studies, it is concluded that following collapse of a lung major pulmonary arteries are not reduced in calibre and remain functionally patent and that neither marked bronchial artery hypertrophy nor bronchiectasis occurs.
From the physiological studies, it is concluded that: 1. Complete collapse of one lung does not appreciably impair total respiratory function under conditions of rest or moderate exercise even though respiratory function of the collapsed lung is reduced to less than 3%o of the total.
2. The blood flow of a lung is markedly reduced by collapse as a result of either a capillary vasoconstriction or an alteration of ventilatory mechanics or both.
